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I. SUMMARY

The investigation of gamma radiation effects on silver electrodes
at 60% and 30% states of charge was continued during this report period.
Net capacity increases averaging 5% have been observed during recent -
irradiations at the 60% level with a total dose of 7 x 107 rads (H20).
At 30%, net losses of 4% and 15% were found in the two runs, respectively.
When these results are considered with those of earlier runs,2 it appears
that the losses at 30% may be significant, while the changes at 60% are

essentially within the uncertainty of the measurements.

Hydrogen was again evolved during the irradiation of silver-cadmium cells,
In one run two silver electrodes were cycled one against the other in the
absence of cadmium, Hydrogen and oxygen were then produced in a mole ratio

of 1.7:1.

Work with zinc electrodes was concentrated on the development of a
reproducible procedure for determination of discharge capacity. This was
partially accomplished by the use of cellophane-wrapped zinc electrodes
in starved-electrolyte cells. With that construction, the capacity will

offer at least a semiquantitative criterion for the evaluation of radiation

effects.
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IT, INTRODUCTION

Batteries in space vehicles must be able to withstand exposure to
cosmic rays and the more intense Van Allen radiation field. This work
was undertaken to establish the nature and magnitude of comparable
effects induced in battery electrode systems by Co60 gamma radiation,
Earlier phases of the program have emphasized the study of commercial
silver electrodes in experimental cells containing cadmium counter
electrodes and 40% potassium hydroxide electrolyte.l-u During this
report period, the investigation of silver electrodes was continued at
lower states of charge, and procedures were developed for thé electro-

chemical testing of zinc electrodes in a modified regime.
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I1I. EXPERIMENTAL

A. CELLS AND ELECTRODES

The silver-cadmium cells containing 40% potassium hydroxide were con-
structed with three-compartment polystyrene liners and stainless steel
outer cases, as described in the preceding report on this program,

The cadmium counter electrodes were the Eveready R-2 type.

Experimental silver-zinc cells were investigated in both flooded

and starved-electrolyte conditions. The flooded cells were prepared in
polystyrene containers similar to those used for the silver-cadmium runs,
except that the quartz frits were attached directly to the zinc electrode
assembly, rather than to the polystyrene partitions. This construction
gave rigidity to the zinc plate, which had been found in earlier work to
disintegrate after several charge-discharge c_vcles.2 In the starved-
electrolyte cells, the inner container was a polystyrene or polystyrene-
lined rectangular box. A sketch of such a cell, showing details of the

zinc electrode assembly, is given in Figure 1.

The zinc electrodes were from Yardney Electric Corporation, with the
exception of that in Cell A of Run ZG-7, which was frcm the Electric
Storage Battery Company. The Yardney zinc electrodes had a relatively
heavy layer of porous zinc mounted on each side of a copper foil backing.
The Electric Storage Battery type had a smaller amount of zinc powder
per unit area pressed onto an exposed double grid consisting of zinc

and silver screens, The Yardney type was preferred for its mechanical
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stability when handled in the small sections that were needed for the

experimental cells.

To retard the growth of zinc dendrites, the zinc electrode was sealed
into an envelope of Pudo 193 battery grade glycerine-free cellophane. Then,
as shown in Figure 1, the cellophane-sealed plate was cemented into position
between cloth-lined quartz frits by the application of a polystyrene-
carbon tetrachloride solution around the perimeter of the frits. The
cloth padding was that removed from the R=-2 cells, In the starved cells,
similar cloth layers were placed arainst the silver electrodes, and addi-
tional electrolyte was contained in the polystyrene sponge that lined the
cell container. In the flooded cells, the silver electrodes were placed,
without wrapping, in the outer cell compartments, and the entire cell liner
was filled with electrolyte. In all of the zinc cells, the electrolyte
was 40% potassium hydroxide that had been previously saturated with zinc

oxide,

Mercury-mercuric oxide reference electrodes were used in some of the
zinc cells. With the starved-electrolyte design, the reference half-cell
was placed in a corner of the rectangular container. Adequate electrical

contact occurred through the wet padding material.

B, ELECTRICAL CIRCUITS
The equipment for automatic cycling and measurement of discharge
. . s . 4
capacity was described, with modifications, in the preceding report.

No changes were made in the instrumentation during this report period.
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C. GAMMA RADIATION SOURCES

Irradiations were performed in the 106 rad (H20)/hr 0060 source at the
North American Aviation Science Center., Subsequent work in the larger
gamma source located at Atomics International will be described in the final

report.

D. PROCEDURES

Procedures for the preconditioning and testing of silver-cadmium cells
with discharge capacity limited by the silver electrode have been described
in detail previously.“ Conditions employed in this report period are
summarized in Table I, Runs CG-31, CG-32, and CG-34 were made in the

same way, with cycling at 90===95% in the preconditioning stage.

Run CG—éS involved two silver electrodes which were prepared and
characterized with respect to discharge capacity by measurement in
separate cells, following the usual sequence. The two silver electrodes
were then removed and placed in a single cell for cycling one against the
other during the irradiation stage. Following irradiation, they were
returned to the separate cells containing cadmium counter electrodes
for the measurement of post-irradiation capacity. This experiment was
performed primarily to determine which gases were evolved in the absence

of an active metal anode such as cadmium.

The silver-zinc cells were examined in most instances by application
. . 2 .
of a constant current density of approximately 7.2 ma/cm” on the zinc
electrode. This is the value that has been used in recent silver electrode

studies in this program.a’u Cycling times up to 24 hours were employed
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in efforts to establish a reproducible procedure for testing purposes.

It was found that automatic capacity measurement with extended overcharge
was not applicable to zinc electrodes because of damage to the cellophane
envelopes that occurred on hydrogen evolution. The charge and discharge
currents were therefore applied by manual switching immediately after

the corresponding transitions were observed. With the sealed construction,
it would not be feasible to determine material losses for the zinc
electrodes, Experimental conditions for the zinc runs are indicated

in Table VII.
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IV, RESULTS AND DISCUSSION

A. SILVER ELECTRODES

Capacity data for silver electrodes in irradiated and control cells
at 30% and 60% states of charge are given in Table II., Table III summarizes
these and other recent runs on silver electrodes. The cells irradiated
at 60% showed an average net capacity pain of 5%, while the two cells at
30% lost 4% and 15%, respectively. Cells irradiated at 30% in earlier
work on this program lost an average of 17% in capacity, while those
irradiated at 60% showed a loss of 5%, Most of the losses at 30% are
great enough to be outside the uncertainty of measurement and may indicate
a significant radiation effect associated with the lower oxide., Since
Run CG-33 involved the transfer of silver electrodes to a new cell for
the irradiation step, the capacity changes are not directly comparable

to those of other 60% runs.

Gas analyses, reported in Table IV, again showed substantial amounts
of hydrogen in the irradiated cells, with the exception of that in Run
CG-31, The reason for inversion of hydrogen and oxygen percentages in
this run is not obvious. The irradiated cell in Run CG-33, which
had two silver electrodes but no cadmium, contained hydrogen and oxygen
in a mole ratio of 1.7:1. This is a higher proportion of oxygen than
has usually been found in silver-cadmium cells. Such a result might be
expected when no active metal such as cadmium is present to reduce the

hydroxyl radicals formed by radiolysis of water.2
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Solids losses for the silver and cadmium electrode compartments are
reported in Tables V and VI, respectively., The silver compartment losses at
30% and 60% were much smaller than those observed in earlier irradiations at
90%L¥ (disregarding accidental mechanical losses in Run CG-33). Earlier
silver losses at 60% were slightly higher than those found here. The
present cadmium electrode losses of 6 to 8 mg are within the range
previously observed for R-2 electrodes. Material loss data will be treated

more fully in the final report.

B. ZINC ELECTRODES

The work with zinc electrodes was done to establish a reproducible
electrochemical criterion as a preliminary to the investigation of radiation
effects., Earlier experiments had shown the instability of unwrapped zinc
electrodes in flooded cells on repeated cvcling.l The present series of

runs was therefore made with wrapped electrodes of the constructions described

in the Experimental section,

Some qualitative observations are noted in Table VII. No overcharge
transition was observed in the flooded condition, despite the cellophane
wrapping. On prolonged charging, the deposition of zinc from excess zincate
ion in the electrolyte continued until the seal between the frits was broken.
More satisfactory results were obtained in the starved cells of Runs ZG-8
to ZG-10. A representative pair of charging curves is shown in Figure 2,
where it is clearly demonstrated that the transition at position (4d) is
a characteristic of the zinc electrode system and not the silver., This
rise in potential signals the onset of hydrogen evolution that occurs upon

depletion of the zincate ion in the vicinity of the electrode. At position
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(h), a well-defined discharge transition for the depletion of usable zinc
metal is seen., With this behavior, it was feasible to apply a series of

complete charge-discharge cycles for the purpose of capacity measurements.,

Discharge capacity data for three zinc electrodes are given in Table
VIII. Within the sets of consecutive cycles, the reproducibility is +2 to
+6%. Preliminary cycles yielding very low capacities, such as Cycle i in
Run ZG-10, were disregarded in evaluating the averages. This initial low
capacity, which disappeared after several hours, apparently was caused by
slow passage of the electrolyte through the cellophane envelope. Changes
of the order of 10 to 20% occurred while the cells stood on open circuit,
as between Cycles 2 and 3 of Run ZG-10, A more pronounced capacity change was
observed after 2u4-hour cycling at 9():;i:95% in Run 26-8, The zinc
electrode capacity decreased 28% in this instance. On the basis of these
results, the zinc discharge capacity is expected to yield information on

radiation effects which will be of somewhat lower precision than that in

recent work on silver electrodes.
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V. PLANS FOR FUTURE WORK

Future work will be concentrated on the irradiation of zinc electrode
systems and on the study of silver electrode behavior at higher radiation

doses and dose rates.,
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